3D morphological analysis of local elastic fields in a cementitious material by Escoda, Julie et al.
3D morphological analysis of local elastic fields in a
cementitious material
Julie Escoda, Franc¸ois Willot, Dominique Jeulin, Julien Sanahuja, Charles
Toulemonde
To cite this version:
Julie Escoda, Franc¸ois Willot, Dominique Jeulin, Julien Sanahuja, Charles Toulemonde. 3D
morphological analysis of local elastic fields in a cementitious material. Advances in Structural.
Engineering and Mechanics (ASEM11), 2011, Seoul, South Korea. <hal-00879268>
HAL Id: hal-00879268
https://hal-mines-paristech.archives-ouvertes.fr/hal-00879268
Submitted on 2 Nov 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.







	ABCD	DED	FB	CD		DBCB	BEDCEBBDBD	

	ABCDCEFBCEBCEAAADCE	DC


	ABCDBEBFADADAD
BE
 
!CA"A	BCB#!$%!AB&&'BF
(E)B	*C)+



 

A!A"	!!#AA!AA!!A$%	A	
AA$&	  !	!  	!  %AA A!!A# '( !!! A	 #)
!!#A!*!!!'A	'$#A"A!A!A%
!#!A%$(!A "	A!+AA	 ,A##!	# FFA#!
"!'$	!AA	A!!AA	#""!!AE!A"-#	
'(A##!#AA	A!*A!	!	.B/01E,EB//EB///A	B/23A!%
"!!A!+$AA$&	E!!%	#%4%A!A5
A%%	A	#A	+A!A% #"!!AA!!!A	
6'$"&"A##!#A%A7!+!E($	!A!AA	#
A%%	E  # +A "  +7 % "  ! ! A! '  
A##!#A6A	A(	A"!A##!#A
A! AA$ "  A "	 A! A!!	   A A	!!!A	 "
'A!A	%$	!AA	%A!	(!!A!A!!!!



 %!% "  (!6   	$  "" "  !!!   AA
%!%! " !A! %E A	  %A!A!E   A A !% 
!!! "!A! A	 ! 	A  %* 8 A# !E  !
"!AA$	A!!A#"#!A+%AEA	"A!A#!A!$EA)
A	!'"&A	A%"! #!A		A$EA!A"A
'!A	A!%! 9A" (!A"%!%!'( #!AA	
A!*EA	A (%!$E ""+:A!%C A!A !%	%	
 #!A A	 %! + "!A 8  +#A  ! %$A$ !+A 'A+!E
$%A$+A$EA	A		!%"!!!!;!	

<!A%	$!A$!A!AA+'A	:<A#AB==1C	
A , ! !!! !!	 "! D +   +#A '
A! A 'A+! A	 !A6 A#  !"A '( A##!#A A	 A!*
7!#!A%$A'	'$:>AD//?C	$A!AA	+%A'A+!
" A!		  %A '$  "  	 :F7C 3A! !A	 	 "
A!AA+'	+%	A(F!!A!A	A!AE	
" :& B==?C ( A6  A $	!A %!E A ' 	 '$ :>A D//?8
>A6! D//@8 !A!	 D//1C  +#A A! A$ "  %A A	 " !A!
:A!D/B/CA	&	'	(FA)F!!!A"!		$
+A'A+!"%A$	!	!A	!!!"+A!&E
 A!# A#D//*D//*D//+*E A	 (-#	 !A '(A!*
A	A##!#A:A!$D//=C		%AAA	%!'			)
)>A!*

 %!% " (!6  ()"	 .  +#A  $  ""+ %!%! "
!A! %E ' A  A A !%  A !A! A%E A	 6  (
#!A %A!A! %	 "!  !!!   AE A , #!A$)+
!#!A%$ A#  #	  ! %A . +	E #!A+ A	  :A!*C
 A "	 A! !A	$ %	 #  !A AFF	AE(  	!$
A%%	   #	!!!  BA!* !A " %!%!  	 
!	""!'A+!"!%.AA"!#$	AA#		AE
 B "! !A !A! A%E A	 A!#  A%A  	 "! +A %A
:AAA D/BBC  	$  %AA !!A '(  !!! A	 !# "
! !AE ( 	 A! 	.  "! 	 +AA  A " A #+
%"  ! "	  A!*AA "  	A A  :"! *A%
A##!#A!+	%AC8  		+AA%!"!A AA'( (
:!#"A!*!!%	#A!A#"+A"	!	%"
!!A		!+	"!!!!C
9	%A!"(!6EA'A!!!	%!%	A"!
!!!#!A!$ 9 %A&	 A 	 )AE'	A$'
#!A&	  )A A!A  	 A( "!  $A 	$ "
!!!B%!%!!A"!A!%!	!

 !! " #$#$ $#% %&% 

9 "(#E A!%" ($%"!!!A!	!	.A !A
!A!!!!2A	AC%$	!AA!A		@
AA!A!%A!*A	A##!#A	"	'$A"A
A!A!'E(!A	!	!!AA	!!"	,A	-'$.

 EE .E.E(( ' εσ = :BC

(!!:!%!AC"	A";'!:!%A	'$C	E.

 C:DBBE/ .EE..E(  ∂+∂==∂ εσ :DC

9 A'+E  A	%A "	 	.E A	A	"!A A	 9 
A	 AA%A" !!!  !%E A  AA !' 
	!	'$ C !A A	-#D	< AE  +	E /≡' E  
!&!A	!A"
A!	'$:E!A#!B==FCEC!AA6AA%A)	%	A
;A  /D :A!* A	 A##!#A %AC  A !E  %!' $ 	%	  
-#D	A##!#A)A!*!AE	"	A C:C: B  ##≡χ 3A"!A/;A
B/01E,EB//EB///A	B/2A!+$	!	+A ,≡χ

A"	
!A!A!A%
A!A'	$	!AA(AA!!AA	#E	"	!%+$
A.




 ==
==
!(E/
E$*!*$"
E //
ε
εδεε ((( :,C

(!-0AAA!
F)"	%AA!	!A6#4A#	GA#!A#A5A#!:7
D//BCE  "  FA F!! !A"! A  %A$ "" "! A	# "$)
!A		AA#!'	!	 !#A "!E	!+	'$ :7
B==2C "!!#G%%AH(#!;A:;:2CA	:@CC.

 CEI:CI:I	C: C/: E
,
''''' .E.E((( 1 τεε −−=  :2C


CE:.C:C: C/: E ''' .E.E((( ' εστ −≡ :@C

(!'20  A #+ 4!"!5 A ! A  # A	120   AA	
E!I "; :2C %	  F!!	A(; :@C %	  
!A %AE(FA F!! !A"!	  !A'(  ( A! !"! 
:7D//BC"!	A"A#	GA#!A#AE#+!#A
A	+AA# " 	E  FF A#! 	  !;!# " !!!
A#EA	A!'!A!$%*A#	E!A*%!(A
A!#)& $ A! ""$ A		 '$  A#!E  ! " %	 A	!$E
	#"!#$)!A	%

(&)$*#$$%!( #%*%&##$%  $#%

 	! ;AA+$ %AA !!A '(  "  A!A %A :
A##!#A ! +	C A	 !# " ! !AE ( 	 A! 	!	 
++ "  	A%!A :!!A B=1DC" A '$A !!#  :"
!A#&!C32	"	A { }4334 ∈∪=⊕ '' CE:C: E(32!AA"32
'$'!!#32	"!	A A !''A	!" !A	E 
!A$A%%!*AA'A:F#BC





F#B,+("A!''A	!

"!	 +AA# A(2" ! "	  A!*AA
""	AA#+;+A$E(2A+!A#""	
!#

 ( ) ( ) ECB:C: (( 434345 ∩−⊕∩⊕= :FC

(!	%A!$EA	A!*%AD"A*A%"
		#+F#D




F#DD"	+AAAA:!C"A"	A!*AA	A
!J@+*"A##!#A##!#AA!#+#!A$A	K!#+(.

	!%#AE'A	4!A##'!		5E	
A! %AA4A!!A#5'( (:B=1FC	+AAE "!
!A#+A"E"6(	"	A
 ( ){ }
( ){ }EC:C:
E
B
C:
C:
C:
(.(
(
.
..
(
(
434
C
C
C34


∩⊕∈=Φ
−
−⊕∈
Φ
=
'
'
ρ
:?C

(!C(:!%C.C+"!A"%A:!%6CD"A*A%"
		#+F#,"6(	%	("
A	(E 	!'"	A"A!A	%' 6
 '	A!$"6EA	
	!'"	A"A!A	%''	A!$"6!%+$.


{ } ( ){ }
{ }
E
C:
C:
C:
E
C:
ECE:C:
E
B
C:
ECE:C:



C

44	
C
C34
44	
(
(
(
(
(.(
.
..
..
=
Φ
=∈<=
−
−⊕∈
=∈<=
ρ
''
'
''
:1C

 !%!A "  " 6(2  A "(. A  A E !  A %!"!A
AA :!% A !% ""C '(  6 A	  ( 6(27 :!% 6(28C
>!A"!E!A##'!		A%%	"A!A%AA	A
'A	'$!	#""!"	%A!*:!%A	
6;AA'+C





F#,D"	+AA"6(2A9@+*##!#A%A
:C#+	A!6#!A$E C:34. ⊕ :6!!%	A!A#"+A"	!	
!"	%C#+##!A$A	!!#+(




+$#$ $#% %&% !#(#(% 

9  E A !A !A! A!A !!!  	!	 9 (A 'A	 '$
#A " A , !#!A%$ A# " !A! :	A D/BBC  ! %A.
A##!#AE+	A	A!*:%ACD"!#!A%$A#A(A
A,+(" !A!!!!A!#+F#2()	A" "	
A%E'A	#FFA#!EA!#+E"!'$	!A!AA	#A	A!
!AA	#:F#@A	F#F!%C


 
:AC:'C

F#2D"A,!A!A#'A	'$!#!A%$:ACA	,+("
!!%	#!A!!!!:'C!A!!!!!"!
#A"#!A$)+A#:AC!%A.A!*EA##!#AA	+	9
!!!:'CEA##!#AA!!%!	'E+	!	EA	A!*!A%A!

2B%"!"	4%A!A5A%%	A	#

+AA "  "(2 "! +A!     9  "(#E  "(2 
%	"!%"!"	%A!AA%%	A	#E,!,"(
$	!A!A!!AA	#A%%	E!%+$A	"A##!#AE+	!
6'$"&:L9MCEA	"	'$:GAB=1/CE"A##!#AEA!
	!	"!:F#?"!A!%!A"L9MC9!	!'AA!A!A
	!A"A&A"#!"	!#EA'"L9MA##!#A
A	!	
E!A%""2A	2:AA	AA##!#A%AA	
L9M!%+$E  A!*CA!(F#1"!+A!!AA	(!
$	!A!A!!AA	#L9M	!	,'$A6#(A!	"
	A"A##!#A:F#?C!A!$A##!#AE!#"A!"!
A##!#A!!%	A+A"


F#@D"!A&	!%,:;#
2
8-7<A+A!$#!A
/9#
2
:#
2%A&"	%A!EA%A!!		A!	#!)
AA(!#>$	!A!AA	#A%%	(8-79-0




F#FD"!A&	!%,":;#
2
8-"7<A+A!$#!A
/9#
2
:#
2"	A%A!!		A!	#!)AA(!#A!
!AA	#A%%	(8-"79-0






F#?D"6'$"&:L9MC"A##!#A%A##!#A
A!#+#!A$A	L9M#+(


 
:AC:'C
 
:C:	C

F#17A2"%A!A!%,!,"AA""	AA
+A!A##!#ABA!*!A/	A!%	"!A##!#A:AE'C!
"!A##!#AL9M:E	C>$	!A!A!!AA	#A%%	:AEA	'E	E
!%C!A#!&A	AA!%A!*EAA	
A!A+A

 A!# !AE  A%%A! A  %A!A ! "	  AA$ # A A!#
	A  "  A##!#A 9		E ( /9B/2 ! /9B/,E 	%	$ "  A	#
	!E2!A(:F#1:ACA	1:'CCE(!A+!!	'!+	"!
2 :F# 1:C A	 1:	CCE  (  	A  A!	 "!  A##!#A L9M
;+A$E!#"A!*A!A##!#AL9M'	!AA	!
"	AA!#!AA+!A#A%%	"	(!	AA#)!
!#A! '"	 "A!A(A$"!A##!#A""  A#!(+A
'!+A "  A% :F# =CE (!  ! "	 #! (  A##!#A L9M
%!%	'EA!(




:AC:'C

F#=DA=9"%A!A!%,A	,":A%AA	'E!%C(
A%%	$	!A!A!!AA	#E!%E(A##!#ABA!*!A/9B/2
!"	+A!!%	!AA!#:+A	"!A##+A
!#"AA%A!!		CA##!#AL9M%!%	A%A	
(',A#"&D@,D@,A	"!D@NB+*

9!	!	$!A!A$A"&"A!*(#+A"
%A!A%"!"	EA'"L9M	A"(9		A%%A!
F#=A!#"!!AA!A	A!	%"%A!"L9M
E  "  +#A(! A"#)!& 6	(
	A '( A	A A##!#A 7! %!$E   A! (!  !#
!!%	  !# '( A##!#A   A !E ! ;+A$  %A! " 
L9MA	A(	A"!A##!#AAE*"	.
 "  	"	   L9M A	  ;A   	A "   A##!#A
%A  * "  !		 '( / A	 ? +* : A! +A '#
+A$ 	!	C.  ! "  !	#   '  "  A##!#A L9M
A# % A A 	A (! A ? +*  "2   +AA	 "!
J  !# #!A% "2  #+  F# B/ "! ' $	!A A	 A! !A
A	#!	#$E!%!"!AAA'(!#"!!A
A	 !# '( A##!#A    A! 9		E (  $% " 
AAE2(	A+'#"A$#!A2A(+A"E(!A
'A	!E	""!'(2BA	2B A'BO"!A!AA	
A	#$%




:AC:'C

F#B/7A2"%A!A!%,!,"AA""	A
!		*":'(/A	?CEA+A!A##!#ABA!*!A/
>$	!A!A!!AA	#A%%	:AA	'!%CA!AEA!A#
!&A	AA!%A!*

9 !	!  +AA  " " +	 %A  ! !A & %AA
!%A!E#!A%"A"%A!A!"	%A!*AA	A
" +	>2A!#+F#BB!%!"!AAA'(+	A	
!# " # +A " ! % %A!A   A%%	 A	# 9		E "! 71/
+*E+(A>+AA	A!A'A!+A+A"
>2A	$"!%A!"#!A%:81/C!+A





:AC:'C

F#BB7A>2"%A!A!%,!,"AA""	A
+	EA+A!A##!#ABA!*!A/>$	!A!A!!AA	#A%%	:A
A	'!%CA!AEA!A#!&A	AA!%
A!*

9!A##'!		9E!A##'!			
 	!  %AA !!A '(  !# "  A!* A# %"
+A "  %A!A ! "	 % A	 !!!   AE  "	 
!		E  	$ +$ !# A##+A A	+A 	 /
"6(2+AA	'$A6#A##!#A%A!+	AEA		
62A	6>2E!%
F!E "! A A	# 	E 6   !# "  A!* (!  %A!A !
%#!AA!	!	A+"6;A
@O"A!*+		'A		A"6:
; FCCE ( +A "  !!%	  !# '	  # !  , A% " 
!		!"	(%!%A	#!F#BD


 
:AC:'C

F#BD,+("!!!:A##!#A'E+	!	A	!A%A!A!*CE
A	"!		!"	%,:!%,"C($	!A:!%A!C!A
A	#A%%	E%!%:ACA	#!:'C!%+$A!*BA##!#A!A
/9B/2"*	

 !# "62 A	6>2 A! %	 A " "  	A  A +A!
!A/E($	!AA	A!!AA	#	F#B,$(
!'A	# A ! "2E !#"# ! A! A	
#!A#!A!A		#"A$(!AB(AE
 !# '	  # !E 	%	$ "  A	# 	! :F# B,:AC A	
B,:'CC		A$EA#!AE#!!#A!A	A!	+	9		E
A ( F#B,:C A	B,:	CE  "6>2  A(A$ A! ABE*% A ()
!AA	(#!A'A+A+	:/9,A	/9B/01E!%C(A##!#ABA!*
!AE 		E """A##!#A ##'A	 A !% AA# 
A"AA!*(A	+	EA!	(!!A	

#!A"!%%A!AA%%	A	#A!*:F#
B2CAA	!#(+A""	#!#/EA!A%A/
+#A  !# !%' "!  'A+!E  !A# #'!		 
	E"!A!A/9B/2E(!# { }@BC:E ≤= '' .4 σ A	 { }DC:E ≤= '' ".4 σ 
A"$	!AA	A!!AA	#!%+$E(!A+$;A
A##!#A%AA	+	%A:F#B@C(A!		!
%AA A!!A# '(  4	!#5 !# A	  ( %A  #!A%
	AA!#!!%	#	!##!AA!A	AA(
	A"!A##!#A

 
:AC:'C
 
:C:	C

F#B,F6>2	A!!!A'("A!A%A:AE'.
A##!#AEE	.+	CA	!#"#)!>$	!A!A!!AA	#A%%	
:AEA	'E	E!%C>#)!!#A!	!	'$A!	#"%A!A!
%,!,"


 
:AC:'C

F#B2F	#!A,2A	,"2E%!'A'$	$+AE"A!
"	,A	"A!!%,":AA	'!%CEA+A!$#!A
/9#
2
:#
2
9B/01E,EB//EB///EB/29!	#!A%.'A+!"	!'A#!
+A:A!#C#)#A





:AC:'C

F#B@F6>2	A!!!A'("A!A%A
:A##!#AA	+	CA	!#!!%	#	!##!A:
A!*C",A	,"E($	!A!A!!AA	#A%%	:AA	'!%C
!A/9B/2	!	AA$

2DGAAA$"+A!A%
9  E ! ! % "  ! "	 A! 	!	.  + 7
%,	"	A

 EDBBDB, DD (( σσσσ −= :=C

(!!%A		A!	8#%!%A!:##+A"
!!CEA	!A


,BB  σσ = :B/C

F!A"%EA	"!'$	!AA	A!!AA	#E#!A%"
A2A	2""	A!*%AA	A"!A##!#AA	"!
!L9M!%+$A!#+
9F#BFE"2A!%	"!+7%"!	$"
%A!A ! %E A !A" +7%!A!	 
A##!#AL9ME"!'$	!AA	A!!AA	#9A"$	!A!A
A	#E#!A%A	AA!A"#+A"+7%A
A	A"A##!#A%A:F#BF:ACC
FA$E"2A!+AA	"!!A"!!,:F#B?C
9  A " A $	!A !A A	#E  !(! A!A	$ #+    2B
:F#1:ACA	1:CCF! A!!AA	#AE #!A%B?:AC 	A ! A
!AA		A"A##!#A:	A'(@A	D/+*C
 "2 +AA	 "!  # %!%A +A : F# B1C #+ A!
!"2+AA	"!%A!A!%A	A	A
"A!!AA##!#AL9M.#)!!#"%!%A
!+AA!A	%!"!A$L9M

 
:AC:'C
 
:C:	C

F#BF7A2"+7%,AA""	AA+A!
A##!#ABA!*!A/	A!AA	"!A##!#A:AE'C!"!
A##!#AL9M:E	C>$	!A!A!!AA	#A%%	:AEA	'E	E!%CA
!AEA!A#!&A	AA!%A!*


 
:AC:'C

F#B?7A2"!A,"!!AA""	A!A+A!
A##!#ABA!*!A/	A!AA	"!A##!#A:ACA	"!
A##!#AL9M:'CA!!AA	#A%%	A!AEA!A#!&A
	AA!%A!*
 
:AC:'C
 
:C:	C

F#B17A2"#%!%A+A"!!AA""	A
A+A!A##!#ABA!*!A/	AAA	"!A##!#A:AE'C
!"!A##!#AL9M:E	C>$	!A!A!!AA	#A%%	:AEA	'E	E
!%CA!AEA!A#!&A	AA!%
A!*.

,#((% ( $%!(#(&% %

@BA%$	!A!A		
9  E!A!	 A!%!%	(! #!A+ A! A%%!*A	'$%$	!A
 A&A",!A	C%$	!AA	A!	!	:PDB==DC
A !A&A  " A  " !%!A# C %$	!AE A	  C
%>E'!"%A#"(C	!'.

 { } E
Q.
?
.
.
?−
== :BBC


(!?   *%A "  	!' 9 ! 	E C % A! 	!'	
"!$A#
C%$	!#!A	"!ACA"A#:%AA"
C %A " 	$ @C C %$	!A A! 	"	 A  %A!$  " 
A F! A %$	!A %AA   A 	E A C A 
#!A	 A	  C %$	!  !A	$ 	 : A  '$ '! 
	!A6E'$+C
!	#$   AA !A "!A	E  %$	!A + "!AC
A	C%	$AA!6	'$.


C
F
*%:B ,2 θλpi−−=C :BDC

A!A		"&@//, #!A	:F#B=C9%!A!$	$E
%A!A!C9B/BOA	@9//2@A!!	!'AAA##!#A%A(
	%!AA	#A!%!A++




F#B=D"A,AC%$	!A!A&A

@DGA"	AA$
GA A "	 A! %	   !!! #  FF 	 "! '
$	!A A	 A! !A A	# A	 "! A !A RJB/01E ,E B//E B/// A	 B/2 :
F#D/A	DB"!A%"	"4%A!A5!%C
A"4%A!A5!%%	AA""	A
A##!#A A	  ! L9M : F# D/:"C A	 DB:"C "! A !%!A "  L9M
%!%	A%"	C"!(A	#	EA	"!A!A:F#DDC
 "! !A!!!!E %A( A#+A" 4%A!A5
!%A!!A	A##!#AL9M

$%

<!A A "	  A!A! A% "! ' $	!A A	 A! !A A	#
A+'AA$&	!	!	!%!"!AAA'(#+A"
+A!%" "	A	 A!A!!!(	(!	. 
"!  +AA  A "  ! "	 A A " "  	A  A #+ E
(!A		+AA%!"!AAA'(AA	A#+!A#
"  ! "	  #A!	#  4%A!A5 :( !%   A!% !A A	#C
! %E A "! A%%!*A " A		A & " #)! !# A+ '
"	EA$A##!#AL9ME	(A$'(A##!#A!	


F#D/D"!A&	!%,:;#
2
8-7<A+A!$#!A
/9#
2
:#
2"	A%A!!		A!	#!)AA(!#
>$	!A!AA	#A%%	(8-"79-09:"CE%$	!AL9M%!%	
'



F#DBD"!A&	!%,":;#
2
8-"7<A+A!$#!A
/9#
2
:#
2"	A%A!!		A!	#!)AA(!#A!
!AA	#A%%	(8-"79-09:"CE%$	!AL9M%!%	'




 
:AC:'C

:C:	C

F#DD7A2"%A!A!%,!,"AA""	A!A
+A!A##!#ABA!*!A/F	A!%	AA!A	C
%$	!A!A&A	A!%	"!A##!#A:AE'C!"!
A##!#AL9M:E	C>$	!A!A!!AA	#A%%	:AEA	'E	E!%C
!A#!&A	AA!%A!*EAA	A
!A+A

6( "!  # %!%A ! A	 + 7 !! 7!+!E  !
!AL9M+A!(	A'(A##!#A9$	!A
	E!AA		A!A"+7"	AA	A"A##!#AE
(!A "!  A! A	# 	E A !% !A ! A 		 	A "!
A##!#A"!!A+!!%:A!!$	!A	A	
+)+!ACE!#"#!A+'"	'A!A!*B#!A!"AA	
A# L9ME(+! !A!!	""  !%!  A>#!!A!A
	'A"	AA#A	!A	
FA$E A %!A!$!!!	 A ' 	+%	 "!!A! % 9
"AA	"C%$	!A9(AA!	!'""	
A!* A  AA!A!	A$'A$ #!A&	 AA
	E(! &%A!A!A!%&	(!%  A##!#A#!A!$E
A	 (!  !!! " A ( ' !   !A !!!E A"!
	"A"	


 F <

A!$EE>AAE7E	AEA	7A!AEC:D//=CE4<!AA	AA$A""+
A%!%!"	#!A		%A5B$)E3-:B/CE=/D)=BD
&E :B==?CE 4!)	A %! A " %!A	  $	!A A	
!!!	+%5B)4))B)E3./:BCE,)DB
!A!	E FE LAA)!A!	E  A	 C!E  :D//1CE 4,	 )A 	# "
AA 'A+! " 	 A	 A	!A!5  B $)E 3 .:2CE
22=)2@1
	AEEEFEEEAAAEA		E:D/BBCE4A"A
! A	 A %!%! " A!A! A% '$ FF %A " "	  A ,
A#5B$)E3+:@CE@2D)@@F
>A6!E E EA!'&E E A!	E E E  E E ME AE  A	 3#E  :D//@CE
47	#  A! A%!%!"%!A	%A5 B$)E
3,:B/CEB=21)B=F/
>AE 7 A	 !##!E C :D//?CE 4<!A #&A " A!		  %A5
BC)AD)E3+:DCEB=?)DBD
E!A#!E G :B==FCE 4%! 	""S!S 	 'S 	A   	 " 	
!A SA!E AA$ 	SA 	I+!A#5 C E GA'!A!!A
	CAS
E  :B=1FCE 4	$ " %AA 	!'  % !! '$ A#
AA$5EB	FB+DCD#BCCBB+BEBF
GAE:B=1/CE46&A;AA+A#!A%$5EDB+!FEDF
BFE3+EB/?)B,@
7E E 7E > A	 ;E C :D//BCE 4 %AA  "! A! A	
A!%(A!'!A!$%A!A5D)B)?)AD)#F)E3,:B)DCE
B,=)BF/
7E> A	 ;E C :B==2CE 4 "A !A	 "! %#  A! A	
A! AA %!%! " %5 BC 	 	 EE4	 	
)DDE3.:BBCEB2B?)B2D,
<A#AE EE -AA	AE  A	A	AE  :B==1CE 4! AA$ " !A!A 'A	 
#!A$A!A"	#5$4AF&G
PDE GE !E7E !AE GE A	 E :B==DC 4	$ "  ;	)%A
!#%!'$%!'A'	.A%%AA!#")T!5
B)AB)E30.:BCE,)B2
AAAE  A	 	E  :D/BBCE 4<!A #&A " !
!!!(*%5B$)E%!
!!AE:B=1DCEDF4E	ADEABCDBEBFEA	C!
UA!E 3 A	 AVAE M :D/B/CE 49	"A " +A )) 'A+!  A!
 %A '$ "")'A	 #&A 	5E  B $)E 3 +/:DCE
B=?)D/?
